Role of cumulus cells during maturation of porcine oocytes in the rise in intracellular Ca2+ induced by inositol 1,4,5-trisphosphate.
At the time of fertilization, release of inositol 1,4,5-trisphosphate (IP3) into the cytoplasm of oocytes is said to be induced by hydrolysis of phosphatidylinositol bis phosphate (PI2) via activation of phospholipase C and is responsible for the Ca2+ oscillation in oocytes immediately after sperm penetration. On the other hand, cumulus cells have been reported to play an important role in cytoplasmic maturation of mammalian oocytes and to affect embryonic development after fertilization. To obtain more information on the role of cumulus cells in cytoplasmic maturation of oocytes, the effects of cumulus cells on the rise in [Ca2+]i and the rates of activation and development of porcine mature oocytes induced by IP3 injection were investigated. Mature porcine oocytes that had been denuded of their cumulus cells in the early stage of the maturation period had a depressed rise in [Ca2+]i (4.0-6.0) and reduced rates of activation (31.4-36.8%) and development (10.0-24.4%) induced by IP3 injection compared with those of their cumulus-enclosed counterparts (7.3, 69.1% and 43.8%; P < 0.05). The [Ca2+]i rise and the rates of activation and development depressed by the removal of cumulus cells were restored by adding pyruvate to the maturation medium. Furthermore, the IP3 injection-induced depression of [Ca2+]i rise in mature oocytes derived from cumulus-denuded oocytes (DOs) was restored when they were cultured in a medium with pyruvate (3.9-6.3, P < 0.05). Also, mature oocytes from cumulus-oocyte complexes (COCs) cultured in a medium without glucose had a lower rise in [Ca2+]i than that in mature oocytes from COCs cultured with glucose (7.4-6.0, P < 0.05). Cumulus cells supported porcine oocytes during maturation in the rise in [Ca2+]i induced by IP3 and the following activation and development of porcine oocytes after injection of IP3. Moreover, we inferred that a function of cumulus cells is to produce pyruvate by metabolizing glucose and to provide oocytes with pyruvate during maturation, thereby promoting oocyte sensitivity to IP3.